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1 Introduction

During RAN4#98bis-e, a number of open issues were identified in relation to deployment scenario B. This document analyzes the issues and makes proposals for the open issues.
2 Discussion
2.1 Uni-directional deployment

For uni-directional deployment, the open issues relate to the number of beams, and whether there is a coverage issue when the UE is closest to a BS.

To consider the number of beams and coverage, a deployment has been considered considering scenario B. The BS panels are rotated by 13 degrees towards the track, whilst the UE panel points parallel to the track. Up to 3 BS beams and 2 UE beams are considered. Uplink SNR is considered for depicting the coverage of the beams, since UL SNR is the most critical scenario. DL SNR will be larger than UL SNR. The x axis in the figures is the distance of the train along the track, with zero representing the track point closest to the BS.
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Figure 1: Coverage of BS beam 1 + UE beam 1
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Figure 2: Coverage of BS beam 2 + UE beam 1
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Figure 3: Coverage of BS beam 3 + UE beam 2
Figure 1 indicates that the first BS beam can provide coverage from around 300-400m along the track to around 1km along the track. This means that the BS can provide coverage to a point well beyond the following BS. Figures 2 and 3 indicate that the remaining beams can provide coverage closer to the BS.

There is little point in providing more beams. Beam 3 provides coverage from around 100-150m from the BS. Closer to the BS, beam 1 from the previous BS is able to provide coverage. Further beams closer to the BS would be narrow in coverage and do not improve SNR.

Figure 4 indicates the SNR if a single TX/RX beam is used and coverage close to the BS is provided from the previous/next BS. The figure indicates that good UL SNR of above 15dB (DL SNR will be larger than this) can be provided along the length of the track with one TX and one RX beam.
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Figure 4: Coverage provided from next and previous BS with 1 beam per BS and UE panel.

Figure 5 depicts the coverage obtained with 3 beams per BS panel and 2 beams per UE panel, considering both the current and previous BS. The figure shows that the lowest SNR level can be improved a few dB compared to the single beam case.
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Figure 5: Coverage provided from next and previous BS with 3 beams per BS panel and 2 beams per UE panel.

Thus, we observe that it is perfectly feasible to assume just on beam per panel also for scenario B. There is some scope for further optimization if 3 BS / 2 UE beams are considered. Also, allowing for more beams offers more robustness for covering track curves.

Proposal 1: 1 beam per panel is feasible for scenario B, but up to 3 BS beams per panel and 2 UE beams per panel may be assumed to allow for some additional robustness.

Figures 4 and 5 also demonstrate that there is no issue with coverage when the UE is close to a BS.

Observation 1: There is no issue with coverage when the UE is close to a BS. (Coverage is provided from the previous or next BS).

For the 1 TX per panel scenario, the switching point should be around 350m. For the 3 beams per panel scenario, the switching point between BS reduces to around 100m past the BS.

Proposal 2: If 1 beam per panel, 350m can be assumed for the switching point. If 3 beams per BS panel, around 100m can be assumed for the switching point.
2.2 Bi-directional deployment

For bi-directional deployments, a question was raised as to how to cover the track closest to a BS. Two alternatives were presented; covering from the next nearest BS until the UE has passed the BS or additional switching to the next nearest BS when the UE is in the vicinity of the BS.
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Scheme 1: Connect to next nearest RRH
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Scheme 2: Connect to nearest RRH except when in immideate vicinity of an RRH (Then use next nearest RRH)
Out preference is for scheme 1, as it reduces the number of switches.

However, it is not clear what is the benefit of bi-directional operation. Unlike FR1, there is not any possibility for over the air combining of signals from multiple BS. More switching is needed and there is little scope for improving SNR. As demonstrated in section 2.1, very good SNR can be achieved by the uni-directional scenario, which needs half as many BS panels as the bi-directional scenario.

Observation 2: The bi-directional deployment scenario necessitates twice as many panels and more beam switches than uni-directional, but does not achieve any gains.

On the other hand, it is quite possible that in a uni-directional deployment the transmission may occasionally change direction and the specifications should be robust enough to deal with this case. Covering the case of uni-directional occasionally changing direction may lead to similar requirements as bi-directional.

Proposal 3: No need to consider bi-directional, but do develop requirements robust enough to cover the case of uni-directional occasionally switching directions.
We also take the view that a deployment with simultaneous uni-directional in both directions to 2 UEs pointing in opposite directions on the train, as described in [1] should not be precluded by the requirements.

Proposal 4: Requirements should not preclude operating dual uni-directional deployments.
3 Conclusion

Uni-directional deployment:
Proposal 1: 1 beam per panel is feasible for scenario B, but up to 3 BS beams per panel and 2 UE beams per panel may be assumed to allow for some additional robustness.

Observation 1: There is no issue with coverage when the UE is close to a BS. (Coverage is provided from the previous or next BS).

Proposal 2: If 1 beam per panel, 350m can be assumed for the switching point. If 3 beams per BS panel, around 100m can be assumed for the switching point.
Observation 2: The bi-directional deployment scenario necessitates twice as many panels and more beam switches than uni-directional but does not achieve any gains.

Proposal 3: No need to consider bi-directional but do develop requirements robust enough to cover the case of uni-directional occasionally switching directions.
Proposal 4: Requirements should not preclude operating dual uni-directional deployments.
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